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Transition-metal complexes play an important role in modern organic chemistry 
research, since they can exhibit special reactivies and efficient catalytic activities. 
Particularly, many synthetically important transition-metal-assisted reactions proceed 
via metallacyclic intermediates. In this paper, we developed one pot synthesis of 
indolizine with vinyl and isolated an important intermidate Ru-carbene. Based on this 
carbene, the synthesis and characterization of several novel ruthenium compounds 
have been described. The reactivities and formation mechanisms of some complexes 
have also been investigated. This paper consists of the following five chapters:  
In chapter 1, the synthetic methods of indolizine and ruthenium vinyl carbene are 
briefly reviewed and the research progress of metallacarbene and related complexes 
are particularly described. In addition, the research objectives of this dissertation are 
presented. 
In chapter 2, mechanistic study of indolizine heterocycle formation by 
Ru(II)-assisted three-component cross coupling/cyclization was described. The 
indolizine salt by addition of vinyl and PPh3 was synthetized. Fortunately, we isolated 
the Ru-carbene intermediate which is the first isolated intermediate ever during the 
synthesis of  indolizine. In addition, indolizine can be made from carbene directly.  
In chapter 3, the stablity and reactivity of ruthenium vinyl carbene has been 
studied. In recent years, ruthenium-based catalysts were well known for its better 
functional group tolerance and enhanced air/water stability. However, its stablity 
limits the usefulness of the ruthenium system in many challenging reactions. 
Understanding its stablity and the decomposition pathways are essential for increasing 
the efficiency of these catalysts. Here, we studied the reaction of carbene with 

















In chapter 4, the metathesis reactions of Ru-carbene with alkynes are 
investigated. The results show that the alkynes HC≡CC(OH)(Ph)2, 
HC≡CC(OH)(Ph)CH3, HC≡CC(OH)(CH3)CH=CH2, HC≡CCH(OH)CH3, and 
HC≡CCH(OH)Ph undergo facile single molecular addition into the metal-carbon 
double bond of Ru-carbene, respectively, yielding several ten-membered 
ruthenacycles. The mechanisms for the formation of these products are relevant to 
olefin metathesis reactions, which involve [2+2] cycloaddition reaction between the 
carbon-carbon triple bond and the metal-carbon double bond. These complexes can be 
regareded as failed alkyne polymerization proucts which are stabilized by the 
coordination of internal olefin. This work is valuable for the further understanding of 
olefin metathesis mechanism. Moreover, these reactions also provide an efficient 
method to realize ring expansion reaction from six-membered ring to ten-membered 
ring by alkynes insertion.  
In chapter 5, the innovation of this paper is concluded and the prospect of this 
research is presented. 
 
 


























































如 Scheme 1.1 所示 Basavaiah 等通过苯并-γ-吡喃酮 1-1 与 2-吡啶甲醛经
Scholtz 缩合，得到中氮茚衍生物 1-3。[5] 
Scheme 1.2 
 
Wassermann 小组利用 2-丙基吡啶与溴代酮化合物 1-5 通过 Tschitschibabin
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